Abstract: Forsythosides H-J (1-3), three new caffeoyl phenylethanoid glycosides (CPGs), were isolated from the fruits of Forsythia suspense (Thunb.) Vahl., together with six known phenylethanoid glycosides: Forsythoside A (4), Forsythoside F (5), Forsythoside E (6), 2-(3,4-dihydroxyphenyl)ethyl-β-D-glucopyranoside (7), phenethyl alcohol β-D-xylopyranosyl-(1→6)-β-D-glucopyranoside (8) and calceolarioside B (9). Their structures were determined by spectroscopic and chemical methods.
Introduction
Forsythia suspense (Thunb.) Vahl. is widely distributed in China, Korea and Japan. The fruits of this plant, known as "Lianqiao" (Chinese), have been used as a Chinese traditional medicine to treat inflammation, pyrexia, ulcer, gonorrhea and erysipelas [1] . A number of chemical constituents with diverse structures, including phenylethanoid glycosides [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] , lignans [12] [13] [14] and flavonoids [2, 15] have been reported from species of this genus. The interesting chemical, pharmacological, and clinical significance of Forsythia suspense (Thunb.) Vahl. prompted us to carry out the current project, which has led to the isolation of three new caffeoyl phenylethanoid glycosides 1-3 and six known compounds.
Results and Discussion
Repeated column chromatography of the extract of Forsythia suspense (Thunb.) Vahl. yielded three new caffeoyl phenylethanoid glycosides designated as Forsythosides H-J (1-3, Figure 1 ), together with six known phenylethanoid glycosides. These known compounds were identified as Forsythoside A (4) [10] , Forsythoside F (5) [12] , Forsythoside E (6) [6] , 2-(3,4-dihydroxyphenyl)ethylβ-D-glucopyranoside (7) [17] , phenethyl alcohol β-D-xylopyranosyl-(1→6)-β-D-glucopyranoside (8) [18] and calceolarioside B (9) [19] by comparison of their spectroscopic data (UV, IR, ESIMS, Acid hydrolysis of 1 yielded D-glucose and L-rhamnose in a ratio of 1:1 according to GC analysis of the trimethylsilyl-L-cysteine derivatives of the component monosaccharides, compared with the trimethylsilyl-L-cysteine derivatives of sugar standards. The NMR spectra of 1 were similar to those of the co-occurring Forsythoside A (4), with the only difference being in the position of the caffeoyl ester units, i.e. 1 is a positional isomer of 4. Comparison of the 13 C-NMR spectral data of 1 with those of 4, showed the chemical shifts of C-1, C-2 and C-3 were changed by -2.7, +0.4 and +0.6 ppm, respectively ( Table 1 Forsythoside I (2) was obtained as a brown amorphous powder, and its spectroscopic data (Table 1 and Experimental Section) indicated that it is another isomer of Forsythoside A (4) with a different connectivity between the caffeoyl and glucopyranosy moieties. Acid hydrolysis of 2 released Dglucose and L-rhamnose, identified by GC analysis. In the 13 C-NMR spectrum of 2, a characteristic resonance at  C 77.5 ppm indicated a (9→3) connection between the caffeoyl moiety and glucopyranosy moiety [8] . The NMR data assignments ( Table 1) 
Experimental

General
IR spectra were recorded as KBr disks on Shimadzu FTIR-8700 (Shimadzu Co. Japan). 1D and 2D-NMR spectra were obtained at 400 MHz for 1 H and at 100 MHz for 13 C, respectively, on a Bruker AV400 spectrometer in DMSO-d 6 with TMS as references. ESIMS data were measured with a Q-Trap LC/MS/MS (Turbo Ionspray source) spectrometer. HRESIMS data were measured on an AccuToFCS JMS-T100CS spectrometer. GC data were measured on a Perkin Elmer Autosystem XL Gas Chromatograph instrument. Column chromatography was performed with silica gel (200-300 mesh, Qingdao Marine Chemical Inc., Qingdao, People's Republic of China) and Sephadex LH-20 (Pharmacia Biotech AB, Uppsala, Sweden). Preparative HPLC separation (Agilent 1100) was carried out on a reversed-phase column using a differential refractometer detector. TLC was carried out with glass precoated silica gel GF 254 plates. Spots were visualized under UV light or by spraying with 5% H 2 SO 4 in 95% EtOH, followed by heating.
Plant Material
The fruits of Forsythia suspense (Thunb.) Vahl. were collected at Shanxi Province, People's Republic of China, in September 2006. The plant identification was verified by Professor Qi-shi Sun (Shenyang Pharmaceutical University). A voucher specimen was deposited in the Herbarium of Shool of Traditional Chinese Medicines of Shenyang Pharmaceutical University, China.
Extraction and Isolation.
The fruits of Forsythia suspense (Thunb.) Vahl. (4.0 kg) were extracted with 85% EtOH under reflux. After concentration in vacuo, the crude EtOH extract (1.8 kg) was suspended in water and partitioned successively with petroleum ether, ethyl acetate (EtOAc), and n-butanol. The n-butanolsoluble part (182.5 g) was subjected to normal silica gel column chromatography, eluting with a gradient of increasing MeOH (0-50%) in CHCl 3 , afford seven fractions A-G. Fraction C (36.2 g) was subjected to column chromatography, using CHCl 3 -MeOH-H 2 O as the eluting solvent, to afford six subfractions C 1 -C 6 . Subfraction C 2 (164.3 mg) and C 3 (150.6 mg) were separately purified by reversed-phase preparative HPLC, using 
Acid Hydrolysis of 1, 2 and 3
Each glycoside (5 mg) was refluxed in 2 N HCl for 3 h at 80 C. The reaction mixture was extracted with CHCl 3 (3 × 5 mL) and the aqueous phase was neutralized with 1 N NaOH and dried using a stream of N 2 . The residue were separately subjected to CC over silica gel with MeCN-H 2 O (9:1) as the eluent to yield D-glucose and L-rhamnose from 1 and 2, and D-glucose and D-xylose from 3, respectively [20] . The sugar residue was then dissolved in pyridine (1 mL) and L-cysteine methyl ester hydrochloride (2 mg) was added. The mixture was left at 60 °C for 2 h and evaporated under a N 2 stream and dried in vacuo. The residue was trimethylsilylated with N-trimethylsilylimidazole (0.2 mL) at 60 °C for 1 h. The mixture was partitioned between n-hexane and H 2 O (3 × 1 mL), and the n-hexane extract was subjected to GC analysis to identify the sugars. Capillary column DB-5 (30 m × 0.25 mm × 0.25 μm); detection FID; detector temperature 280 °C; injection temperature 250 °C; the initial column temperature was 100 °C, and the temperature was gradually raised to 280 °C at the rate of 10 °C/min and maintained for 5 min; carrier N 2 gas. Retention times for D-glucose, D-xylose, and L-rhamnose were 19.6, 17.6, and 18.4 min, respectively.
